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It is well-known that SiC wafer quality deficiencies are delaying the realization of 
outstandingly superior 4H-SiC power electronics. While efforts to date have 
centered on eradicating micropipes (i.e., hollow core super-screw dislocations 
with Burgers vectors > 2c), 4H-SiC wafers and epilayers also contain elementary 
screw dislocations (i.e., Burgers vector = lc with no hollow core) in densities on 
the order of thousands per cm 2 , nearly 100-fold micropipe densities. While not 
nearly as detrimental to SiC device performance as micropipes, it has recently 
been demonstrated that elementary screw dislocations somewhat degrade the 
reverse leakage and breakdown properties of 4H-SiC p + n diodes. Diodes 
containing elementary screw dislocations exhibited a 5% to 35% reduction in 
breakdown voltage, higher pre-breakdown reverse leakage current, softer 
reverse breakdown I-V knee, and microplasmic breakdown cuirent filaments that 
were non-catastrophic as measured under high series resistance biasing This 
paper details continuing experimental and theoretical investigations into the 
electrical properties of 4H-SiC elementary screw dislocations. The nonuniform 
breakdown behavior of 4H-SiC p + n junctions containing elementary screw 
dislocations exhibits interesting physical parallels with nonuniform breakdown 
phenomena previously observed in other semiconductor materials. Based upon 
experimentally observed dislocation-assisted breakdown, a re-assessment of well- 
known physical models relating power device reliability to junction breakdown 
has been undertaken for 4H-SiC. The potential impact of these elementary screw 
dislocation defects on the performance and reliability of various 4H-SiC device 
technologies being developed for high-power applications will be discussed. 
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ABSTRACT 

It is well-known that SiC wafer quality deficiencies are delaying the realization of outstandingly 
superior 4H-SiC power electronics. While efforts to date have centered on eradicating micropipes 
(i.e. hollow core super-screw dislocations with Burgers vectors > 2c), 4H-SiC wafers and 
epilayers also contain elementary screw dislocations (i.e.. Burgers vector = lc with no hollow 
core) in densities on the order of thousands per cm 2 , nearly 100-fold micropipe densities. While 
not nearly as detrimental to SiC device performance as micropipes, it has been previously shown 
that diodes containing elementary screw dislocations exhibit a 5% to 35% reduction in breakdown 
voltage higher pre-breakdown reverse leakage current, softer reverse breakdown I-V kiiee, and 
concentrated microplasmic breakdown current filaments when measured under DC testing 
conditions. This paper details the impact of elementary screw dislocations on the experimentally 
observed reverse-breakdown pulse-failure characteristics of low-voltage (< 250 V) small-area (< 5 
x 10’ 4 cm 2 ) 4H-SiC p + n diodes. The presence of elementary screw dislocations did not significantly 
affect the failure properties of these diodes when subjected to non-adiabatic breakdown-bias 
pulse widths ranging from 0.1 \is to 20 [is in duration. Diodes with and without elenaentary screw 
dislocations exhibited positive temperature coefficient of breakdown voltage and high junction 
failure power densities well above the failure power densities exhibited by highly rehable silicon 
power rectifiers. This preliminary result, based on measurements from one wafer of SiC diodes, 
suggests that highly reliable low-voltage SiC rectifiers may be attainable despite the presence of 
elementary screw dislocations. 

INTRODUCTION 

It is widely recognized that material quality deficiencies are the primary reason why SiC high- 
power devices cannot be realized at present While small-current small-area high-voltage (1-5 kV) 
SiC devices are being prototyped and tested, the high densities of crystallographic defects m SiC 
wafers prohibits the attainment of SiC devices with very high operating currents (> 50 A) that are 
commonly obtainable in silicon-based high-power electronics [1, 2]. Micropipe defects are clearly 
very detrimental to electrical device performance, as these defects cause premature breakdown 
point-failures in SiC high-field devices fabricated in 4H- and 6H-S1C c-axis crystals with and 
without epilayers [2], Commercial 4H- and 6H-SiC wafers and epilayers also contam elementary 
screw dislocations (i.e.. Burgers vector = lc with no hollow core) m densities on the order of 
thousands per cm 2 , nearly 100-fold micropipe densities [3-6]. Because of the non-terminating 
behavior of screw dislocations, both hollow-core (micropipes) and non-hollow-core (elementary) 
screw dislocations and associated crystal lattice stresses are replicated m subsequendy grown biC 

epilayers^, ^ai ^ 0 f elementary screw dislocation defects on SiC device performance has 

largely been overlooked while attention has focused on eradicating SiC micropipes. However, as 
SiC micropipe densities fall below 1 per cm 2 in the best reported wafers [9] the operational effects 
of elementary screw dislocations must now be considered. While not nearly as detrimental to SiC 
device performance as micropipes, it has recently been demonstrated that element^ screw 
dislocations somewhat degrade the reverse leakage and breakdown properties of 4H-SiC p n 
diodes [10]. Diodes containing elementary screw dislocations exhibited a 5% to 35% reduction m 
breakdown voltage, higher pre-breakdown reverse leakage current, softer reverse breakdown I-V 

knee and highly localized microplasmic breakdown current filaments . . 

Localized breakdowns and high-current filaments at junction hotspots are undesirable in 
silicon-based solid-state power devices. In operational practice, silicon power devices that 
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